INTRODUCTION
The Japanese sand lance Ammodytes personatus is a common and commercially important species in the coastal waters of Japan. In particular, juvenile stages of this fish are predominantly caught in Ise Bay and Seto Inland Sea as part of the Shirasu fishery. However, the annual biomass of the Japanese sand lance has shown wide variations in these areas. Funakoshi and Nakamura 1 have pointed out that the mechanism of this variation was based on the survival during their early life history. Although information on the early life history of Japanese sand lance has been reported in recent years, [2] [3] [4] [5] early growth investigations based on otolith observations have yet to be carried out. The reason for this is that the otoliths of the Japanese sand lance have an obscure zone around the center, making accurate counting and measurements of otolith increments difficult. 2 In the present study, we observed the otolith microincrements of the Japanese sand lance in order to acquire basic data on their early life growth.
A total of 20 newly hatched larvae (0 days old) of Japanese sand lance measuring 4.5-5.3 mm in notochord length (NL) reared at the Fisheries Research Institute of Mie and a total of 24 juveniles measuring 26.0-44.3 mm standard length (SL) collected by boat seine in Ise Bay on 3 March 1995 were used in the present study. These specimens were preserved in 90% ethanol and then measured for body length. The newly hatched larvae were embedded with Eukitt liquids (O. Kindler GmbH, Germany) as whole-body preparations, and the radius of the sagittal otolith was then measured. The sagittal otoliths of juveniles were removed and mounted with thermoplastic glue (Iwamoto Mineral Co., Japan). Those otoliths were observed after grinding using sandpaper ( 800, 1000 and 1500) and aluminum suspension (particle size 0.3 mm). During light microscopy observations, otolith radius, number of increments and the increment widths were measured using a videoimage otolith analyzing system (Ratoc System Engineering Co., Ltd, Tokyo, Japan) at a magnification of ¥600 or ¥1000. In order to observe the microincrements of the otolith, the same otoliths were etched by 0.1 N HCl and subsequently spatter-coated with gold in a JEOL JFC-1100 ionspatter (JEOL, Tokyo, Japan). These otoliths were observed under an Akashi Alpha-30A scanning electron microscope (SEM; Akashi, Tokyo, Japan) at a magnification of ¥1000-3000. During the SEM observations, otolith increments were counted and measured using photographs.
The sagittal otoliths of newly hatched larvae (4.5-5.3 mm NL) were almost rounded and measured 7.5-9.5 mm (average 8.7 mm; SD: 0.6) in radius (Fig. 1) . On the sagittal otoliths of juveniles (26.0-44.3 mm SL), it was difficult to count the increments in the zone under approximately 20-30 mm in radius except for a distinct ring measuring 6.3-11.3 mm (mean: 9.0 mm; SD: 1.4) in radius (Fig. 2) . Regular and clear increments were observed outside of the obscure zone. No significant difference was observed when comparing the otolith radii of newly hatched larvae and the diameter of the distinct ring of juveniles (MannWhitney U-test, P > 0.1). This strongly indicates that the distinct ring in the obscure zone is the equivalent of the hatch ring.
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Microincrements of otoliths of the Japanese sand lance
Ammodytes personatus during early life stages (Fig. 4) . Both observations using light microscopy and SEM indicate that the sagittal otolith of Japanese sand lance had extremely narrow increments that were below the practical resolving power of light microscopy (>1 mm). The same results were reported for some marine fish larvae, such as starry flounder 6 and Arctic charr, 7 when the growth rate of larvae was very low. Japanese sand lance has a low-level growth stage for several days after hatching if the otolith increments indicate daily growth.
Although daily increment formation of otolith has not been validated in the present study, the relationship between the number of increments from the hatch ring (NR) and the radius (RD) is expressed as follows:
When the otoliths were observed using SEM (Fig. 3) , a hatch ring was strongly etched and several weak increments, which seemed to form during the embryonic stage, appeared inside of the hatch ring. Regular and clear increments were observed from the hatch ring, although under light microscopy there were obscure zones. The increments of otolith width (IW) increased with distance from the core (DC). The regression was IW = 0.046DC 1.1 (r 2 = 0.78). These increment widths The number of increments in the obscure zone is estimated from the radius of the first countable increment observed by light microscopy. However, regional or seasonal variation of otolith increments formation remains unclear in the present study. Detailed observation is necessary for generalization of this equation.
Fig. 4
Relationship between the radius and the width of the otolith increment. Data were acquired to combine light microscopy observations with scanning electron microscpy observations.
